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LETTER OF TRANSMITTAL 

Department of the Interior, 

Office of Education, 
Washington, D. p., October, 1982 . 

Sir: Within a period of 30 years the high-school enroll- 
ment has increased from a little over 10 per cent of the 
population of high-school age to more than 60 per cent of that 
population. This enrollment is bo unusu al for a secondary 
school that it has attracted the attention of Europe, where 
only 8 to 10 per cent attend secondary schools. Many 
European educators have said that we are educating too 
many people. I believe, however, that the people of the 
United States are now getting a new conception of education. 
They are ooming to look upon education as a preparation for 
citizenship and for daily life rather than for the money return 
which comes from it. They are looking upon the high school 
as a place for their boys and girls to profit at a period when 
they are not yet acceptable to industry. 

In order that we may know where we stand in secondary 
education, the membership of the North Central Association 
of Colleges and Secondary Schools four years ago took the 
lead in urging a study. It seemed to them that it was wise 
for such a study to be madd by the Government of the United 
States rather t h a n by a private foundation; for if such an 
agency studied secondary education it might be accused 
either rightly or wrongly of a bias toward a special interest. 
When the members of a committee of this association ap- 
peared before the Bureau of the Budget in 1028 they received 
a very courteous hearing. It was impossible, so the chief of 
the Budget Bureau thought, to obtain all the money which 
the commission felt desirable; with the money which was 
obtained, $225,000, to^be expended over a 3-year period, it 
was found impossible to do all the things that the committee 
had in mind. It was possible, however, to study those thinp 
which pertained strictly to secondary education, that is, its 
organization; its curriculum, including some of the more 
fun damen t a l subjects, and particulwly those subjects on 
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which a comparison could be made between the present and 
earlier periods; its extracurriculum, which is almost entirely 
new in the past 30 years; the pupil population; and adminis- 
trative and supervisory problems, personnel, and activities. 

The handling of this survey was entrusted to Dr. Leonard 
V. Koos of the University of Chicago. With great skill he 
has, working on a full-time basis during his off-quarters from 
the University of Chicago, and part-time the other quarters, 
brought it to a co^eftision. 

This manuscript reports a study in one of the fields of the 
curriculum. It gives the survey of instruction in science, 
which, as might be expected, |hows a remarkable increase in 
the number of pupils enrolled. Following carefuLacSlysis of 
available course of study materials the surveyor visited a 
considerable number of schools to acquaint himself more in 
detail with the practices and procedures in schools judged to 
be outstanding in their science work. 

Those who are acquainted with the science instruction of 
30 years ago will find that courses in general science and in the 
life sciences have risen since that time. Courses in physiog- 
raphy and certain short courses in the life sciences have nearly 
disappeared. Chemistry instruction has been altered in 
accordance with the changes in theories and in an attempt to 
bring the subject nearer to actual life conditions. Courses in 
physics are placing a much larger emphasis on work in elec- 
tricity and rather generally follow the application of physics 
to common everyday appliances such as the automobile. 
The important position of science as a subject of study in 
our schools justifies the extended treatment of its aims, con- 
tent, and teaching procedures found in this monograph. 

Respectfully submitted. 

Wm. JoriN Cooper, 

Commissioner. 

The Secretary of the Interior. 
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CHAPTER I : SOURCES OF DATA 

Courses of study . — This investigation of the teaching of 
science in secondary schools is based upon the analysis of 58 
courses in general science, 45 courses in biology, 27 courses in 
physics, and 30 courseg in chemistry. The courses were ob- 
tained from schools in response to a request from the Office 
of Education for courses which had been revised since 1925. 
Some courses were also secured from tbe-Division of Research 
of the National Education Association. Twenty-six States 
are represented by one or more courses of study. 1 

When one considers the large number of secondary schools 
in the United States, the response seems meager. Assuming 
that at least the majority of school administrators were suffi- 
ciently interested in the survey to send courses of study if 
they were available, the results probably indicate that a very 
large majority of schools do not have recently revised courses 
of study for science instruction at the secondary level. It is, 
of course, possible that many schools follow, more or less 
closely, a State course of study. It is highly probable, how- 
ever, that the majority of courses are dictated by the outlines 
of individual teachers or by the particular textbook used by 
the instructor. The influence of the textbook is disclosed by 
an analysis of the courses of study. A considerable number 
of courses were merely outlines of particular books, or a series 
of page assignments to the required textbook. Classroom 
observation also indicated the great importance of the text- 
book in determining what is taught. Assuming that prepared 
courses of study represent a break with tradition and are in 
general the product of the more advanced' thought on the 
teaching of science, the present analysis should be indicative 

1 ArlsonaqA; Arkanret, 4; California, 36; Colorado, A; Delaware, 3; IllinaU, 10; & 

Iowa, 4; Kama, 1; Maryland, 4; MareecboretU, 1; Michigan, A; Mtnnaoota, 1; Mftnourl, 6; 
Montana, % Now Jaraay, 14; Nnr York, 4; Ohio, 16; Oklahoma, 1; Oregon, t; Pennsylvania, 

Rhode Iiland, 4; Tar nearer, I; Treat, 8; Virginia, 1; Waehlngton, 4; Watt Virginia, A; 
Wboonsln, 10. 
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of the progress which is being made. Because of the small 
number of courses analyzed, it can not be construed to be a 
picture of general practice; it presents practice in school 
systems where recent revisions have been made and where 
the situation in science instruction is probably more dynamic 
than in the general run of secondary schools. 

Classroom visiting . — In addition to the data obtained from 
the courses of study, visits were made to schools in 14 cities 
in various parts of the United States. Fifty-five classes were 
visited. The purpose of the classroom visiting was twofold : 
(1) To discover the extent to which the course^ of study 
actually functioned in dictating the subject matter presented 
and the technique of instruction employed; and (2) to dis- 
cover promising innovations in classroom technique. Most 
of the visits were made to cities in which revised course 
outlines had been prepared. 



CHAPTER II : PREPARATION OF COURSES 
OF 8TUDY 


E x a m i n ation of the courses of study indicates that the 
majority of courses were formulated by committees repre- 
senting each of the different fields of scieKp; that is, the 
courses in general science were made by te&hers of general 
science, courses in biology were made by teachers of biology, 
and so on. No reference was found which might indicate 
that the course was formulated by a single committee repre- 
senting the whole field of science. Administrators apparently 
regard each of these subjects as a special field, rather than a 
sequence of subjects having a common core, with overlapping 
aims, methods, and psychology of learning. Conversation 
with teachers of science leaves a like impression! Teachers 
usually refer to themselves as teachers of physics or teachers 
of botany, and rarely as teachers of science. This tendency 
to regard each subject as an independent unit rather than 
as a part of a sequence of courses, as will be pointed out 
later, has an important bearing on the courses of study in 
science. 

The committees operate under a variety of conditions, 
which are reflected in the courses of study produced. Four 
general types of situations will be described in thin report: 

(1) committees operating under a director of curriculum; 

(2) committees operating under a supervisor of science; 

(3) committees operating under the direction of outside 
talent; and (4) committees operating without supervision. 

Committees operating under a director of cvrnculum . — Many 
of our large cities have what is commonly called a depart- 
ment of curriculum. In some cities the department is small, 
consisting only of the director; in others the director may be 
assisted by a large staff. In thp schools visited, the activity 
of the department of curriculum varied greatly with respect 
to its relations with the curriculum oommitteee. Occasionally 
it offered only a perfunctory supervision of committee activ- 
ity; in other systems it practically dictated the entire curric- 
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alum policy. Departments of curriculum assist in the con- 
struction of courses of study by assembling various materials, 
such as courses of study from other school systems, science 
textbooks, and professional literature on the teaching of 
science. In addition, they frequently formulate general aims, 
principles of organization, and a general scheme for the 
presentation of the materials in a printed course o^study. 
In some schools, the members of the committees were relieved 
of class work during a portion of the school year and reported 
to the curriculum department offices where all available ma- 
terials were placed at their disposal. This plan made possible 
frequent consultations with the director. In other schools, 
the teachers assisting were obliged to carry on their regular 
school work to which was added the burden of formulating 
a course of study. Under this plan, the majority of the 
committees met in some conveniently located high school 
after the regular work of the day was over. little, if any, 
opportunity was possible for consulting the director or for 
studying the materials collected by the department. 

A considerable difference appears in the courses of study 
produced by the two plans just discussed. The committees 
working during regular school hours under the supervision of 
the director produced courses of study, which, in the majority 
of cases, indicate a thorough understanding of the general 
principles of organization and the nature of the task which 
they were to perform. Committees working after school 
hours, with little or no contact with the director, produced 
a heterogeneous mass of material with few, if any, principles 
of organization apparent. In the situations where the form 
of organization was given to them by the director, many of 
the courses show that the form is conceived aa a purely 
mechanical scheme to be followed arbitrarily. Examination 
of these courses indicates that the organization is entirely 
consistent. A more careful scrutiny shows that although the 
organization may be consistent in terms of its major divisions, 
these divisions may be purely artificial so far as the detailed 
material is concerned. No fault can be found with the com- 
mittees who proceeded in this manner. They did the best 
that they could with the time and resources which they had 
at their disposal. The fault lies rather with the adminis- 
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tration and organization which did not provide the oppor- 
tunity for a good piece of work. The data in support of the 
point just made are presented in Chapter IV, The Organiza- 
tion of Courses in Science. 

Committees operating under a supervisor of science . — In 
some of the larger cities a supervisor of science who is a 
specialist in the- field of science teaching is employed. In 
such school systems the formulation of a course of study or 
the revision of existing courses is usually carried on directly 
under his supervision. The influence, however, of the super- 
visor of science in determining the content of the course of 
study varies greatly. In one school system observed, the 
course of study was formulated entirely by the supervisor 
and his assistant. The material showed clearly that they 
had first set up certain principles'of organization and criteria 
for the selection of the content. The result was a unifie d 
series of courses in the different fields. The courses were 
placed in the hands of the teachers who were asked to suggest 
changes for their improvement. The personality of the 
supervisor was such that suggestions for improvement were 
readily given. The original course is in a constant process 
of revision and is used enthusiastically by the teachers in 
the system. This method of procedure, however, is an 
unusual one and would certainly be opposed by teachers in 
many cities; As a rule, the courses are formulated by com- 
mittees who are appointed by the superintendent or the 
supervisor of. science. 

A comparison of the courses of study prepared by com- 
mittees under the direct active control of the supervisor with 
those courses^ in which the control of the supervisor was 
limited, indicates the superiority of those courses over which 
the supervisor* had the greatest amount of control. This 
superiority is evidenced most clearly by a comparison of the 
junior high school courses with the senior high school courses. 
In the junior high school, teachers as a rule are accustomed 
to supervision. Many have had little specific training in the 
various sciences, and as a result they are eager for sugges- 
tions; they regard the supervisor as an expert in the field. 
Senior high school teachers have no such regard for the 
supervisor; in fact, their attitude is often antagonistic. The 
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majority of the senior high school teachers are specialists 
in some field of science. If the supervisor's training and 
experience in teaching has been in the field of chemistry, his 
opinion has weight with the chemistry committee. The 
other subject specialists do not regard him as competent in 
their fields. In other words, the majority of senior high 
school teachers are not prone to recognize expertness in the 
field of science teaching; they recognize only expertness in 
the subject matter of a certain division of the field of science. 
This attitude operates as a distinct disadvantage in the con- 
struction of courses of study. The lack of a general view- 
point toward the teaching of science is usually exhibited in 
courses formulated by subject-matter specialists; the content 
of the course is dictated solely by the logical divisions of the 
subject. Neither the contributions of the subject to the 
general aims of education nor the psychological and peda- 
gogical considerations are taken into account in determining 
the organization or the subject matter selected. 

It must not be concluded from the foregoing statements 
that this lack of cooperation between the senior high school 
teachers and the science supervisor exists in all systems. 
Observation by the writer, however, leads him to believe 
that it is often the case. Examination of courses of study 
and observation of classroom teaching leads the investigator 
to believe that the majority of senior high school teachers 
would profit by more contact with the science supervisor. 

Committees operating under outside talent . — Experts brought 
in from outside the system have also left their impress on 
courses of study. In some cases these experts have been 
specialists in the curriculum and in other cases they have 
been specialists in science education. In the judgment of 
the investigator (as determined by an examination of the 
courses), each of these types of specialist has contributed to 
the development of, the courses of study in such a way as to 
produce in the courses of the respective cities a uniformity of 
viewpoint and organization which are notably lacking in 
courses prepared without supervision. 

Committees operating without supervision . — In some school 
systems the course of study is prepared by committees ap- 
pointed for each special subject. These committees usually 
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work independently of each other end are left entirely on 
their own resources, the only condition being that by a cer- 
tain date a course of study for the subject must be forth- 
coming. A committee of that kind was observed in opera- 
tion. Since the method of constructing a course of study 
aids in interpreting the final product, a description of the 
work of this committee is included. It is probably typical 
of the operation of many committees. The first meeting 
was very short. Each member was asked to present his 
outline of the course at the next meeting. No mention was 
made of the general aims of education toward the attain- 
ment of which the course should be* focused. No specific 
objectives of the course were decided upon. No principles 
of organization nor criteria for the selection of subject matter 
were formulated. At the next meeting, one member was 
called upon by the chairman to present his outline. This 
was promptly criticized by those members whose outlines 
differed from the first in some respects. The criti cisms con- 
sisted of — “I think that this should go first"; "That isn’t a 
unit"; "This topic is too large"; "We will never have time 
to cover all that," and other remarks of a similar nature. 
The whole discussion was based upon personal opinions, 
likes, dislikes, and prejudices of the various members of the 
committee. After seven meetings the committee, through 
the process of compromise, arrived at a series of topics which 
were duly printed and distributed to the other teachers in 
the system. Two of the teachers of this co mmi ttee were 
visited some time later and they were not following the 
course of study they themselves had cooperated in prepar- 
ing. Lack of expert direction such as may be supplied by a 
director of curriculum or by a supervisor of science fre- 
quently produces the type of situation just described. 

Another common type of committee procedure is to meet 
and decide upon the topics or units which are to be included. 
Each teacher is then assigned to develop a particular unit. 
Many courses of study disclose evidence of this type of pro-' 
cedure by an entire lack of uniformity in the organization of 
the different units. One unit will present a statement out- 
line of the important ideas, another a topical outline, and 
another a series of problems. Analysis of the unite reveals 
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that the individual teachers must have had entirely differ- 
ent conceptions of the nature of the learning products to be 
attained and of the nature of the learning process. One unit 
may be focused upon the accumulation by pupils of details 
relating to the topic under discussion. Another unit may 
consist of problems to be solved, in which the details are used 
functionally to supply data for their solution. Still another 
uni t, may consist of a “hit-or-miss” collection of projects 
with apparently no other idea than “whole-hearted purpose- 
ful activity ” on the part of pupils. An d there may be one 
or more units in which the important generalisations of 
science and their applications in life situations are stressed. 
It is even possible to find all these types of materials mixed 
within a single unit. 

The influence of other courses of study is indicated by the 
widespread use of certain objectives, specific aims, and topics 
phrased in identical words. As a rule, no credit is given for 
quotations made and it is only through a comparison of the 
years in which the courses appeared tha t the sources of these 
inn t*nnla can be determined. A common procedure of oourse- 
of-study makers is to assemble all courses of study they 
can obtain and then make a composite of the whole. The 
assumption underlying this procedure is apparently that by 
this method they may be reasonably sure that nothing has 
been omitted. 

Possibly more space has been devoted to a consideration 
of the preparation of courses of study than is necessary. 
The methods which have been described are more or less a 
matter of common knowledge. This section constitutes, 
however, a background for the analysis and interpretation 
to follow. 


CHAPTER m : EDUCATIONAL OBJECTIVES 
LISTED IN THE COURSE8 

The frequency of mention of objectives . — Each of the courses 
of study was checked to discover the educational objectives 
of the course. Some of the courses did not include state- 
ments of objectives. This is shown by the totals for each 
subject. 

Table 1 . — Number of course* staling objectives 
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The table indicates that the relationship of the specific 
course to the objectives of secondary education and to the 
objectives of science in general is considered by approximately 
one-third of the courses in general science and by very few 
other courses. It is, of course, impossible to determine 
whether or not the committees responsible for the courses in 
biology, chemistry, and physics, considered the relationship of 
their courses to the general educational objectives. A 
marked contrast appears between the courses in general 
science and the specialized courses in regard to the material 
on objectives presented in the courses. Courses in general 
science contain many references to applications of science in 
the home and community. With few exceptions, the 
specialized courses contain a presentation of the subject 
matter organized in terms of the logical divisions of the par- 
ticular field of knowledge with, which they deal. This differ- 
ence in the courses of study may be due to the difference in 
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the subject matter of the courses or it may be due to a lack of 
a general viewpoint of the objectives of secondary education 
or of the objectives of science on the part of the teachers of 
the special subjects. It is significant that the committees 
in the special field did not deem it necessary to include state- 
ments of the objectives of secondary education. Practically 
all courses in the special fields included statements of specific 
objectives. For example, in the biology courses a large 
number of the objectives referred to specific phases of 
biology; such as: To give the pupils an understanding of the 
life processes of plants and animals; to observe and explain 
the close relatioqship between plants and animals; to learn 
about the human body; and to learn how to care for plants 
and animals. This attention to specific contributions of 
the subject matter of the course was also evident in the other 
special courses. The objectives of the courses in general 
science on the other hand were more general and would 
apply to any field of science. This difference in objectives 
between the courses in general science and in the special 
sciences courses is probably explained by thp-4pct that a 
special science teacher is especially trained in \he subject 
matter of his coune and thus tends to think of his courses 
in terms of content rather than in terms of general outcomes. 
* The classification oj objectives.— A more detailed analysis 
of the objectives b presented in Table 2. In this table the 
objectives are classified under six major headings, namely, 
knowledge, exploration, abilities, attitudes, ideals and habits, 
and interests. These headings overlap in some degree. It 
is practically impossible to set up dbtinct categories for the 
classification of objectives because these categories are 
necessarily determined after the objectives have been for- 
mulated. For example, the exploratory objective might 
be considered as a knowledge objective. It was placed 
under a separate division because this objective is often 
mentioned specifically by writers in the field. 

An examination of Table 2 indicates a very wide range of 
general objectives. The frequency of mention of the various 
objectives shows that there b far from an overwhelming 
consensus as to what the objectives should be. The fre- 
quency of mention b interesting, but b not, in the inveeti- 
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gator's judgment, a valid criterion for determining what 
the objectives should be. It should be of value to ooune * 
makers since it reveals what others consider to be the objec- 
tives of science teaching. 


Table 2. — An analytit of the objectives listed in courses of study in 

science 
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Table 2. — An analysis of the objective* listed in courses of study in 

science —* Continued 


Types of objectives 
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The evaluation oj objectives . — So far as the writer knows 
there is at the present time no conclusive method of evaluat- 
ing the objectives as set forth. It is, of course, possible to 
compare the objectives with the recommendations of various 
authoritative committees such as those working with the 
National Education Association, the National Society for 
the Study of Education, and the North Central Association. 
These committee recommendations represent the consensus 
as to what the objectives should be. They are significant in 
that they indicate what objectives are entertained but they 
are not necessarily the objectives which should be attained in 
the study of science* For example, of the 160 courses exam- 
ined only 11 courses stated the objective, “To acquire the 
knowledge necessary to correct superstition and erroneous 
beliefs.” According to the consensus this is only a min or 
objective in the teaching of science. The writfer is of the 
opinion that this is an important objective. This is an opin- 
ion only and we have no present means of validating it. The 
most recent authoritative formulation of the objectives of 
science teaching is presented in the Thirty-first Yearbook, 
Part I, of the National Society for the Study of Educa- 
tion, 1932, in a volume entitled “A Program for Teaching 
Science.” The stand taken by this committee is shown in 
the following quotation: 

This committee, then, recognizee the aim of scienoe teaching to be 
contributory to the aim of education; Viz, life enrichment. It recog- 
nizes the objectives of scienoe teaching to be the functional understand- 
ing of the major generalizations of scienoe and the development of 
associated scientific attitudes. 

This statement is based on the opinion of the members of the 
committee. As such jt probably represents the best com- 
posite thinking which we have on this subject. However, 
one of the problems which must be solved before we can get 
far in formulating a truly scientific curriculum is that of dis- 
covering a method for determining and evaluating the 
objectives of science teaching. 

It has already been stated that little importance should be 
attached to the frequency of objectives. The reason for this 
will be apparent if one will examines dozen or more’oourses 
of stu<fy, Every degree of specificity in objectives will be 
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found. It is not uncommon to find a general objective, such 
as securing the scientific attitude of mind, contained in the 
same list and coordinate in importance with the ability to 
read a weather map or the ability to raise a family of mice. 
Specific objectives began to make their appearance in science 
courses after the publication of the Los Angeles course of 
study in 1923. Hundreds x>f specific objectives were listed 
for each subject. These specific objectives were added to the 
general objectives in many courses and the result is a curious 
mixture which is neither “flesh, fish, nor fowl.” This indis- 
criminate borrowing of material from other courses without 
an understanding of the viewpoint on which it was based is 
responsible in many cases for the heterogeneous courses which 
we n^w have. 
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CHAPTER IV : ORGANIZATION OP COURSES IN 

SCIENCE 

% 

V » 

The principles oj organization . — After the objectives of a 
course have been formulated, the next step is probably that 
of determining the general principles which shall function in 
the selection and oiganization of the materials of instruction. 
The courses represented, in this investigation were, therefore, 
examined to discover the nature of these principles. Only 
three courses presented any statement of principles, and 
with the exception of a single course, these were implied, 
rather than stated explicitly. The absence of a statement of 
principles indicates either (1) that a set of principles was not 
formulated, or (2) that the <^>mmittees did not consider it 
necessary to include them in the courses of study as repro- 
duced. Teachers must understand the. principles of oigan- 
ization underlying the curricular materials if they are to use 
the courses intelligently. Perhaps the' widespread distrust 
of printed courses of study is due in some measure to a lack 
of understanding by teachers of the basic principles of organ- 
ization represented. Only two courses of study included 
references to the studies which have been made in the field of 
the science curriculum. Several references presenting the 
results of research and the formulation of courses by com- 
mittees are available. 1 

Methods oj organization . — Three general types of oiganiza- 
tion are common: (1) The topical organization, (2) the 
specific-objective organization, and (3) the unit method of 

» Caldwfl, O. W„ end O m mUtm , Reorganisation of Bdenfea Id Secondary School*. United 
State* Bureau of Education Bulletin, 1030, No. 31 ^ 

Report of the Committee on Standard* for Ue* in the Reorganisation of Secondary 
School Curricula. North Central Amodation Quarterly, 1:505-615, March, 1W7. I; no-614, 
March, 1030. 

Curtka, Fraud* D. InymOgmtiione la t fa* Teaching of Science, Philadelphia, BUkirtoo, 
1035. 

Second Diamt of Inrertlnatiooi in the Tee-chin* of Scfteooe. Philadelphia, Blah- 

laton, ML * 

Fifth Yearbook of the Department of Superintendence, 1037. Pp. 147-lrf 
Stub Yemboqk *1 the P ep mt m e p t of B o parintePdenea, IW. Ppm-fOO. 

‘Tweotyatiih Yearbook, National Society lor tbo Study of Education, 103k Part EL 
Thirtr-Arvt Yearbook, National Gaiety lor tbi Study of Education, 1*3. PvtL 
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organization. The topical method of organization is tbe 
traditional method. The publication of the Los Angeles 
courses of , study in 1923 ushered period of organization 
around specific objectives. This method was taken over 
by several cities and was modified to some extent by other 
cities. Since 1926, the unit plan of oiganization has been 
widely adopted. Sixty-two of the courses examined refer to 
the divisions of the course as units^ Of the 26 courses 
appearing during 1930-31, 20 are presumably organized on 
the unit basis. 

Topical method of organization . — Ninety- three of the 160 
courses present simply a topical outline of subject matter 
such as the following: 

Hydrogen and tie compounds 

A. Comparison of ^ydrogen with other element* in weight. 

B. Uses of hydrogen. 

C. Preparation of hydrogen. 

D. Testing for properties of hydrogen. 

E. Comparison with properties of oxygen. 

F . Product formed when hydrogen burns. 

G. Examples to show contrast between compounds and the 

element* which compose them, etc. 

This is, of course, the traditional method of organizing 
courses of study and is based on the traditional conception 
of learning and of the subject matter of the curriculum. To 
quote the Twenty-sixth Yearbook of the National Society 
for the Study of Education, Part II, page 17: 

In times past, and too largely in present school practice, the cur- 
riculum has been conoeived primarily as formal subject matter (fact*, 
prooesses, principles), set out to be learned Without adequate relation 
to life. The pupil has too frequently been required to* repeat words, 
express ideas which he does not understand, and to acoept, adopt, and* 
use material* which have been furnished him ready-made and com- 
pletely organixed by the teacher. Learning was thought of as the 
ability to give back upon demand oertain phrases and formula* which 
have been acquired without adequate understanding of their meaning 
and content. 

a 

While employment of the typical method of oiganization 
does not neoessarily indicate that the memorization of sub- 
ject matter is the most important aim of the course, the 

. [10] a. 
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material included in the outline places the emphasis upon 
the accumulation of details and facts rather than upon 
understanding. In the foregoing example the pupil might 
emerge with a fund of details concerning the occurrence, 
preparation, compounds, and the physical and chemical 
properties of hydrogen, and probably could pass a good test 
upon thW, but the question might be raised, Is chemistry 
simply top sum of the known facts about the chemicals with 
which the chemist deals, or is it an understanding of the 
principles of chemistry through the mastery of which one 
secures a basis for the interpretation of the world in which . 
he lives? The topical organization in the past has been an 
outcome of a type of education in which the accumulation of 
facts is set up as the end product to be attained. While it 
is possible to arrive at an understanding of the important 
generalizations in science by this method, the emphasis on 
the accumulation of facts as the major goal would often . 
secura^iese generalizations only as by-products of the course. 
This conception is in marked contrast to the viewpoint in 
which the facts are regarded as the raw materials with which 
one thinks , and are, therefore, means, and not ends. The 
fact that 60 per cent of the courses are organized on the 
topical basis should not be considered evidence for belfbving 
that this is the best method of organizing courses. ,The best 
method will be that method which educational science even- 
tually determines to be the best method for attaining the 
objectives. 

Organization in terms of specific objectives . — Organization of 
courses in terms of specific objectives is included as a separate * 
mode of organization because it is markedly different from 
other types of organization. In one sense , 1 it is not a distinct 
type of organization in that the courses may be divided into 
units or topics. The point of view taken by the 'committees 
who have organized courses on this basis is probably best ex- 
pressed in the Los Angeles oourses of study. These courses 
are oommonly organized under headings such as the following : 
“Specific Objectives, ” “Suggested Activities,” “Suggested 
Procedure, ” and “Desirable Outcomes. ” An examination of 
the specific objectives shows that they commonly begin with 
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an infinitive and are usually expressed in somewhat the follow- 
inform: “To learn that metals increase in weight when 
heated. An analysis of one of these courses of study 
showed 53 different ways of expressing a knowledge objeptive 
like the one stated. Some of the methods of stating the 
objectives are “to comprehend/' “to understand,” “to be- 
come familiar with,” “to learn,” “to become sensible to,” 
“to obtain a knowledge of, ” “to become acquainted with,” 
“to find out,” “to realize the significance of,” “to become 
aware of,” “to gain information concerning,” “to study 
that,” “to ascertain how,” “to acquire a working concept 
of, to consider, ” “ to know, ” “ to augment knowledge of, ” 
“to advance further in the study of,” “to introduce the 
pupils to,” “to begin to understand,” “to give specific facts 
concerning. ” If the infinitives are written on one side of 
the page and the subject matter on the other, we have on 
^nejadeasenes of infinitives and on the other a topical out- 
hne7~~'~ftr f or granted that the teacher wishes 

pupils to obtain a knowledge-dtthejopics in an outline and 
it is, therefore, questionable whether theadditionofiftfiiiitives 

is any contribution. 
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One wonders what is the psychology of learning which under* 
lies such a series of objectives. On the one hand, one finds 
objectives which are general methods of procedure, and on 
the other, objectives which apparently deny the existence of 
generalizations as a basis for transfer of learning. For ex- 
ample, according to the list, the ability to raise a family of 
mice is one specific, another is to raise turtles and by implica- 
tion it would seem necessary to include the ability to raise 
every kind of animal which man might conceivably wish to 
raise. To the investigator, many of the specific objectives 
seem to be incompatible with any underlying viewpoint in 
education or psychology of learning. The foregoing criticism 
is not directed toward what is comnionly called an “ activities 
curriculum ” ; it applies til the interpretation which curriculum 
makers have made of the idea. 

The formulation of specific objectives after the fashion just 
described has left a very definite mark upon our courses of 
study. A large percentage of the modern courses make use 
of the plan and apply it in various ways in the organiza- 
tion of courses. In many cases the description of the nature 

of- thc e o objectives given in the preceding paragraph applies; 

in some the nature of these objectives has been changed after 
the manner to be shown later in this chapter. 

Unit method erf organization . — Since few, if any, of the courses 
appearing before 1926 were divided into what were referred to 
as units, it is probably a safe assumption that the widespread 
use of term “unit” after this date in courses of study is due 
to Prof. H. C. Morrison. Professor Morrison's book, “The 
Practice of Teaching in Secondary Schools,” appeared in that 
year. According to Professor Morrison, a learning unit may 
be defined as a “comprehensive and significant aspect of the 
environment, of an organized science, of an art or of conduct, 
which being learned results in an adaptation id personality” 
(p. 21). The problem of organization in general science is 
“a search for the comprehensive and significant aspects of 
the environment in the field being studied — comprehensive in 
that'eadh aspect explains a great deal, and significant in that 
it is important and essential” (p. 182). In the special sci- 
ences, physics, chemistry, and biology, the unit is “a com- 
prehensive and significant principle or complex of principles 
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and the meaning and bearing of the terms ‘comprehensive’ 
and ‘significant’ are the same as before” (p. 193). “The 
critical test of any unit in the science type is, Does it tend to 
contribute understanding rather than a descriptive account? ” 

An analysis of the courses divided into units indicates that 
the term “unit” has been taken over as a convenient term 
to replace the word “topic,” rather than as a principle of 
organization. For example, the following units are found in 
courses in general science: Astronomy, Air, Looking through 
a Telescope, Bread, Oxygen, Nature of Chemical Change, 
The Telephone, Buried Treasure, Animals, The Grasshopper, 
Chemistry Flowers, Machines, Water, Obtaining a Food Sup- 
ply, Carbon Dioxide, and How Living Things Grow. It is 
evident that many of the titles listed are not units in the 
sense in which Professor Morrison uses the term, while others 
are. Many of, the courses consist of true units mixed with 
topics. 

If we apply the analysis of a unit still further, it is evident 
that certain elements enter into the understanding ^hich is 
implied by the unit. Direct learning of the unit requires 
mastery of the elements out of whioh the understanding 
grows, but it does not require mastery of all the principles 
or associated elements which do not contribute to the under- 
standing. While it is true that different teachers might 
differ to some degree as to the elements which they would 
include within a unit, a fairly high uniformity of opinion 
should result. An analysis of the unit “Air,” which was 
included in 15 of the courses studied, was made to determine 
the content included. The outline for this unit included the 
following principles, phenomena, and devices: Matter and its 
properties; weight, pressure, compressibility, composition, 
structure, elasticity, and inertia of air; effect of heat upon 
air; oxidation; photosynthesis; weather, including winds, 
humidity, evaporation, condensation, forms of precipitation, 
lightning, thunder, and forecasting; devices such as suction 
pumps, siphon, barometers, thermometers, windmills, com- 
pressed air devices, vacuum cleaners, airplanes, refrigerators; 
chemical changes, including elements, mixtures, and com- 
pounds; physical changes; conductio$ radiation; convection; 
structure of the ear; musical instruments; nitrokeirreycle; 
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carbon cycle; hygiene of breathing; nature of sound ; weather- 
ing; boiling point; freezing point; distillation; friction; r^io; 
treatment of bums; fire prevention; balloons; respiration; 
ventilation; stoves and furnaces; composition of water; 
water supply; bacteria, yeasts, and molds; vaccination; and 
the life history of flies and mosquitoes. 

The foregoing examples seem to point to several con- 
clusions: (1) The idea of what a unit is is not clearly de- 
fined; (2) the title of the unit does not indicate the nature of 
the content to any high degree; (3) the emphasis is placed 
upon the subject matter or assimilative n^terials rather than 
upop the elements through which the' intelligent attitude 
implied by the unit is attained, in the sense in which the term 
unit is applied by Morrison. It is, of .course, not obligatory 
to accept Professor Morrison’s viewpoint concerning the 
nature of a unit. What is valuable in what he has written 
"rests upon the validity of his reasoned analysis. Mere con- 
sensus of opinion, even though it represents the opinion of 
99 per cent of our population, establishes nothing. The 
validity, after all, rests on the disclosures of the underlying 
sciences of psychology, biolog y^ and anthropology. It is to 
these sciences that we must turn if we are to establish clearly 
the nature of learning products. These sciences have already 
collected many data concerning the development of the 
nervous system, methods of learning, and the ways in which 
our institutions have developed. A truly valid curriculum 
awaits further disclosures from these sciences and the appli- 
cation of the findings in the establishment of objectives and 
in methods of attaining them. 

Methods used in the development of topics . — An attempt was 
made to classify the courses of study on the basis of the 
method employed in the development of each unit or topic. 
This proved to be very difficult because of the diverse nature 
of the courses. It was possible, however, to distinguish 1 1 
distinct methods of organization. These methods and their 
frequency are as follows: 

1. Each unit or topic is taken 'from a single textbook which the course 

follows (16 courses). 

2. Each unit or topic is divided into a series of subtopics indicating 

the nature of the subject matter (96 courses). 
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3. Each unit or topic is divided into a aeries of subtopics indicating 
foltowlng— ° l hC BUbjeCt matter and •**<> includes one of the 


(a) 

( b) 

(c) 
(d) 


A list of laboratory activities (6 courses). 

A list of Uboratory experiments, demonstrations, and 
Applications (2 courses). 

A list of demonstrations and suggested questions (1 
course). 1 

A list of minimum exercises to be performed (1 course). 


, N .... , , , w w I^eriunnea <,1 course), 

(e) A list of laboratory exercises and references (1 course) 


a series of exercises (3 


(/) A presentation, pretest, and 
courses). 

4 "xZL“ ( r^,“ * 01 -*— * * 

5 ““ lbe ,on " * ** — o' a. 

0. Each unit or topic is outlined in terms of specific objectives to be 
attained and includes one of the following— ^ 

An rv 1 1 i 1 i n a a/ .. L J J . i 


AD (i°«) t ^) 0f 8UbieCt matter ' referenoee ’ *“ d activities 

An outline of subject matter, home projects, demonstra- 
tionfl, and laboratory activities (1 course) 

An outline of subject matter, class activities, outcomes 
and references (3 courses). 

Suggested activities (2 courses). 

Suggested minimum activities and addi tonal activities 
(1 course). , 

(/) Suggested activities, suggested procedures, and desirable 
outcomes (3 courses). 

Pupil activities and teaching suggestions (1 course) 

Pupil activities, topics for investigation, problems with 

specific aims, and demonstrations and references (1 
course). KA 

7 ' UD / t ° r U 0rganised a body of core material 

consisting of laboratory exercises (1 course). 

9 Each St ‘ ’ *? PiC b . ‘"f?! "* “ ft8ehMof P u P a activities (1 course) 
9. Each unit or topic is divided into a series of problems (9 courses) 

lowto£- COUr8ee *** PT ° bkm “ dudeB ono of the fob 


< lb) 

(«) 

(d) 

<•) 


is) 

(A) 


(a) 


( 6 ) 

(c) 

M> 


The specific objectives to be attained, the general objec- 
tive of which each specifio objective is a part, and a 
list of general meanings to be attained (1 course) 

A development, summary of ideas to be attained and 
suggested reports (2 courses). 

“J"®* ° f °° ntent ’ activ- 

itles, experiments, visual and reading aids (1 oouree). 

An outline of oontedt (foouise). ' 
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.10. Each topic or unit is organized in terms of concepts, ideas, prin- 
ciples, and generalisations to be attained. Each unit includes 
one of the following — 

(а) General objectives outlined in terms of specific objectives 

(1 course). 

(б) Statements of major concepts, statements of minor con- 

cepts, each of which is divided into problems (1 course). 

(c) Specific aims in the form of statements, followed by an 

outline of subject matter (3 courses). 

(d) Specific aims in the form of statements followed by pupil 

activities and additional topics (2 courses). 

(e) An outline of subject matter and reference to generaliza- 

tions stated at the beginning of the course (3 courses). 

The results of the complete analysis show that approxi- 
mately 10 per cent of jthe courses of study consisted of a list 
of the topics to be covered, and that 60 per cent of the courses 
consisted of a topical outline of each unit or topic. The re- 
maining 30 per cent of the courses exhibit a great variety of 
methods of organization. 

The results raise the problem, What is the function of a 
course of study? Should it function merely to indicate what 
should be taught or^hould it suggest methods of procedure? 

Promising variations in methods of organization . — Several 
courses present interesting variations from the dominant 
procedure. In the belief that these will be of value to future 
curriculum makers, a few of the more promising types will 
be included. 

In the course in general science of Rochester, N. Y., each 
unit is regarded as a significant underst anding and the name 
is phrased as a complete sentence. Each unit is then divided 
into a series of minor concepts, also formulated as state- 
ments. A series of problems i9 then raised, through the 
solution of which the pupil arrives at the concepts listed. 
The emphasis is, therefore, on a generalization or concept 
which is reached through the mental process of problem 
solving, A brief excerpt from this course follows: 
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TOPIC I: WATfR 


EDUCATION 


Unit I. Major concept. The continuance of life upon the earth is 
dependent upon the water cycle 


A. Minor concept. Water is one of the necessities for all life. 

1. Problem: How do animals use water? Why? 

(а) With food and drink; 

(б) For bathing; 

- (c) As a home. 

Note. Problems 1 and 3 are observational problems. 

2. Problem: How do plants use water? Why? 

(а) As food manufacturing material; 

(б) As a home. 

3. Problem: How do you use water? Why? 

(а) With food and drink; 

(б) For cleaning and bathing, etc. 

Note. In each problem have pupils consider how, if at all 
the activity or use could be carried on without water. 

B. Minor concept. Water occurs in a variety of forms on the earth 

and in the atmosphere. 

1. Problem: How does water get into the atmosphere? 

(а) Evaporation from bodies of water, land, and wet but- 

faces. (Call for pupils’ experiences.) 

Experiment 1. What causes water to evaporate? 

(б) From air exhaled by living things. 

The same general method of organization is presented by 
the Denver Course in general science. An excerpt from 
this organization follows: 


Unit I. Air and water. General objective. Air and water are dominant 

factors in the physical environment 
» 

Specific objective. 1 . Air is a substance and has properties which 
are the same aa the properties of other substances. The following 
are contributory meanings? 

1. Air occupies space. Demonstrations, T. L. pp. 2-3; other dem- 

onstrations, H-l, p. 14. 

Problem: Invert a small-necked bottle full of water. Why 
does the water bubble out instead of running out in a 
. steady stream? • 

2. Air {las weight, etc. 

This course is similar to the Rochester course in that the 
attention is focused upon major concepts or understandings. 

Tile course in chemistry of Passaic, N. J., has at the be- 
ginning of the course an outline of the important generaliza- 
* [24] 
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dons and principles to be taught. These generalizations are 
referred to in the outline of Q|gh topic. For example: 

* TOPIC I: OXIDATION 


A. Combustion. 

Generalisation A. 2. [This reference is to the following gener- 
alisation which appears in the list 5^)xidation is a fundamental 
source of heat and other forms df energy into which him 
learned to transform heat.*’] *4? 

1. Solid oxides and gaseous oxides. 

2. Increase of weight and burning, etc. 


This method of organization, presenting as it does, gener- 
alizations and topics probably marks a transition between 
courses stated in the form of understandings and those con- 
taining only topics. j 

Teaching units at the University High School, University 
of Chicago, are analyzed into elements which are focused 
upon the understanding of the unit. These elements are 
then reworded in the form of problems which are given to 
the pupil for study. For example: 


Unit I. The chemical nature of matter 

(а) Everything which occupies space and has weight is matter. 

(б) Matter may exist in ^hree physical states — solid, liquid, and 

gaseous. 

(c) Matter is made of simple substances; pure complex sub- 

stances, compounds; mixed substances; and mixtures. 

(d) The ultimate unit of an elementary substance, an element, 

is the atom. 

(«) For the purpose of interpreting chemical phenomena the 
atom may be conceived as a structure made of protons 
and electrons. 

The above series of statements is not given to the studont. 
Instead he is given the following series of problems : 

1. How does the chemist measure matter? 

2. How does the chemist recognise materials? 
v 8. How does the chemist classify mate rials ? 

4. Why do scientists believe materials are made of moleciilee? 

5. Of what are molecules composed? 



The organization of courses around major ideas, concepts, 
principles, laws, understandings, or generalizations presents 
a distinct departure from the conventional topical method 
of presentation. An example of this difference is clearly 
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seen in the organization of the topic on hydrogen and the 
unit on the chemical nature of matter. ,In the latter type 
. of course the facts of chemistry are merely the means; that 
is, they furtiish the raw materials from which principles may 
be derived or verified. The focus of attention is the prin- 
ciple; it is this principle and mode of arriving at the prin- 
ciple which places the student in possession of the method 
of thinking employed by the chemist. This method of 
organization of courses presupposes a list of the important 
concepts and principles of each field of science. Analyses of 
textbooks, popular-science literature, newspapers, and job 
analyses have been made to determine what these principles 
are. The task is not yet complete, but a start in this direc- 
tion has been made. After the concepts and principles are 
collected there yet remains the task of evaluating them in 
terms' of their contribution to the objectives of sciepce 
teaching. 

Implications of the analyses . — The multitude of types of 
organization shows very clearly the lack of a fundamental 
theory of education. Until educators -and science teachers * 
have clearly formulated an adequate theory of education it 
is probable that we may continue to expect the chaos which 
now prevails in the organization of science courses. It is 
4 significant to note that the more innovating courses have 
been organised in school systems which have a director of 
curriculum or a science supervisor, or who have called in 
outside experts. These facts* seem to argue that a wider 
point of view than can be obtained from teachers who have 
specialized in certain branches of science is necessary if we 
are to view our courses^, tehns of their contribution to the 
aims of education and in light of .the nature of the learning 
process. This does not mean that subject-matter specialists 
need not take an active part in curriculum construction; it 
does mean that their work should be guided by a specialist 
in the field of science teaching or in the field of curriculum. 

/ It is, of course, possible that the teachers who specialize in 

the different fields might become sufficiently •interested in 
the field of science teaching to study the problem of curric- 
ulum making in its general aspects. That many of them have 
- not become interested is attested to by their answers to one 
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of the questions put by the present writer. Curtis 1 has 
published two books which contain excellent summaries of 
t^ie investigations which have been made LqUhe field of the 
teaching of science. During visits to school systems the 
investigator had more or less extended conversations with 
some of the teachers. One teacher only of 26 interviewed 
had ever heard of the summaries just mentioned. Seven 
supervisors were interviewed, all of whom seemed to be well 
acquainted with the content of these summaries. 

’ Curtis, Francis D. Investigations in the Teaching of Science. Philadelphia, Blakiston, 
1920. 339 pp. 

Second Digest of Investigations in tbe Teaching of Science. Philadelphia, Blak- 

is&n, 1931. 423 pp. 
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CHAPTER V : ORGANIZATION OF COURSES IN THE 
VARIOU8 8UBJECT8 


The preceding chapter has dealt with the general types 
of organization employed; the following paragraphs will 
deal with the types of organization in the different subjects 
into which the field of science is divided. 

The organization of courses in general science .-^ Courses in 
general science were first organized according to the logical 
•division of the whole field of science. For example, a section 
would be devoted to physics, another to chemistry, etc. 
Each section contained what was thought to be the easiest 
material from that field. The Committee of the National 
Education Association on the Reorganization of Science m 
Secondary Schools in 1920 recommended that the subject 
matter of general science be selected to a large extent from 
the environment and that the principles of the various 
sciences be brought in wherever necessary for the interpre- 
tation of the environment. Analysis of the 68 courses m 
general science represented in this analysis disclosed but one 
course which was organized in terms opthe special sciences. 
Nine courses were found which were hybrids; that is, which 
consisted in part of topics drawn from the special sciences, 
and in part of environmental topics. Forty-seven courses 
were formulated primarily in terms of environmental topics 

or units. ... 

In order to classify the courses on this basis it was necessary 

to examine the detailed outline appearing under each topic 
or unit. For example, two courses might include the same 
topic, such as “Light." In one course, the outline consisted 
of the following parts: Straight line path of light, angle of 
reflection, refraction, change of direction by retardation of 
lenses, prisms, etc. For the purposes of this study, this 
topic was considered by the writer as a special science devel- 
opment. In another course the topics were as follows : 
History of lighting, kinds of lighting systems, lighting tfie 
home, etc. This was considered as a general-science devel- 
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opment. There still exist many topics phrased in terms of 
the special science which are developed in the outline from 
an environmental point of view. 

Studies were made of the content of the courses in terms 
of units or topics presented. The results obtained did not 
differ from excellent studies which have already been made 
by others and reported. 1 It would, therefore, be gratuitous 
to draw on new studies here, especially as the findings of 
these more recent studies are practically identical with those 
of the studies previously published. 

Table 3 shows the number of units covered in the courses 
analyzed. The courses were classified into 3-year courses, 

2-year courses, and 1-year courses. The results show the 
great divergence of practice in the placement of general- 
science units and in the number of units covered per year. 

The difference in the number of units is caused primarily by 
differences in the conception of the nature of a unit. These 
results reinforce those in an earlier chapter which indi- 
cated the lack of a definitive idea as to the nature of a unit. 

For example, in one course plants are considered as a unit. 

In another course roots, stems, etc., are considered as units. 

The units of the same course are often not consistent with 
each other. For example, in one course, the following units 
are listed: Forms of Matter; A Study of a Match; Light; 

A Study of the Soil; Sound; Oxygen; Weather; Astronomy; 
Ventilation; Work and Energy; A Study of Whter and Its 
Use; Foods; Magnetism and Electricity; A Study of Bread; 
and The Airplane. This mixture of devices, phenomena, 
materials, processes, and principles is the rule rather than 
the exception. 

■ Curtin, Erancia D. A Byntbaria and Evaluation of 8ub)act-MntUr To pica in Oaoaral I * 
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An attempt was made to discover any agreement in the 
amount of time which should be spent on different topioe. 
Twenty-seven courses indicated the time allotment for each 
unit. Because of the diverse nature of the units, it was 
difficult to get a comparison over a comparable body of 
material. The results obtained from an analysis of courses 
in which the number of periods per week were identical are 
shown in Table 4. 


Table 4.— Number of course* requiring a specified time on certain unite 


Unit 

Number of weak* 


9 

S 

4 

5 

6 

7 

8 

9 

10 

Weettar 

1 

1 


t 

9 







Electridty 

1 




9 



Heating boom. 

1 


1 

1 





Food*. 

1 

t 

1 


1 




I 

Machine* 

1 


1 



Lighting booMi 

* 9 







Transportation. 




3 




1 

1 


Communication 






2 



Clothing 

1 


1 

1 


9 




Air andlts on 

1 

1 

1 

1 



a 

l 



Heavenly bodtai 



1 












It is evident from the results that either the outline of the 
topic does not indicate the extent to which the (details are 
covered or there are different standards of attainment in 
different systems. Owing to limitation of space it is im- 
possible to show the grade placement and sequence of topics 
in the courses. This analysis was made and the results 
of the study show, however, that a given topic may be 
included as the first topic in the seventh grade of one course 
and aa the tenth topic in the ninth grade of another course. 
In other words, grade placement and sequence of topics 
evidently rests upon no established principle of organisa- 
tion. Such a principle must take into account the com- 
plexity of the ideas presented and the intellectual maturity 
of pupils at different levels. 

The organization of courses in biology .— The number of 
topics included in the various courses in biology is shown 
in Table 5. The range is from 5 topics to 29 topics. It is 
rather surprising to note that the range is greater than that 
of . the general-science courses. The differences in the 
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number of topics are not due so much to differences in the 
content of the courses as they are to variations in the scope 
of material included under a topic. For example, one course 
may have one topic. on plants while another may have 
topics on roots, stems, etc. 


Table 6. Distribution of the courses in biology according to the number 

of unite included 


N uni beg of 
units 

Nam- 
ber of 

OOUTMB 

Number of 
units 

Num- 
ber of 
courses 

Number of 
units 

Num- 
ber of 
courses 

9 Number of 
! units 

Num- 
ber of 
oourms 

0 

2 

4 

8 

2 

1 1 
2 

IS 

lfi. 

1 is 

J 


2 

1 

S 

2 

8 

2 

» 

*7 

2 

1 

2 

2 

i6I 

li 

I lv. ......... . 

17 

18. 

22 

24 

28 

29 

12 

19 

2# 

1 






Two distinct points of view are represented by the courses 
analyzed. According to one viewpoint, the objectives of 
biology can be attained through a detailed study of the 
‘ various plants and animals. According to the other view- 
point, the objectives are achieved through a study of the 
activities and processes of living things. The following 
paragraphs will m a ke clear this distinction. 

Forty courses of the 46 analyzed have divided the field 
of biology into three major divisions: One devoted to plants, 
one focused on a nim a ls , and another directed toward a study 
of man. In other words, thd three scienoes, botany, zoology, 
and human physiology, provide the framework of the courses! 
The development of each of these diviaibna is aimii fT fa 
content and organization to the specialized courses from 
which they are taken. The part devoted tp plants present* 
topics on roots, stems, leaves, buds, seeds, and flowers, 
together with a consideration of the great groups of plants 
or type studies of one or more of their representatives. The 
section pertaining to a n i ma l s , as a rule, consists of a de- 
scription of the various phyla or of type studies horn the 
different groups. Each phyla or animal is studied from the 
standpoint of -its general structure, habitat» internal struc- 
ture, habits, and economic importance The characteristics 
of the groups may be determined from a study of the group 
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as a whole, or through type studies. Man is usually studied 
from a physiological viewpoint through such topics as foods, 
digestion, circulation, respiration, excretion, muscular sys- 
tem, nervous system, and organs of the special senses. 
Some courses emphasize hygiene and do not have separate 
topics on physiological processes. The general principles 
such as heredity, evolution, .variation, etc., are as a rule 
treated as separate topics at the end of the course. Some 
courses treat these principles under topics such as plant 
breeding, animal breeding, and soils, in which case the 
principles are means rather than ends. 

Courses organized on the above basis appear from their 
content to focus the attention of the pupils on a body of 
isolated facts concerning different living things. A study 
of a grasshopper or a crayfish consists primarily in securing 
a description of the structure, habits, and economic im- 
portance of these animals. . Observation in the classroom 
justifies this implication from the courses of study. Two 
observations which are typical of many of the dmuma 
visited are offered in support of the same inference. In one 
class the topic under discussion was the earthworm. The 
following questions were asked by the teacher: 

( 1 ) In what ways does the dona! surface differ from the ventral 
surface? (f) How many somites are there from the anterior end to 
the girdle? (3) What is the extent of the body eavity, posteriorly 
and anteriorly? ( 4 ) How does the earthworm move? (5) How doea 
the earthworm reproduce? (0) Tell what you know about the diges- 
tive apparatus of the earthworm. 

Twenty-six questions, of the type just mentioned, were 
asked during a 45-minute period. In another class, pupils 
were seated at tables. Each table was supplied with a 
preserved crayfish and a textbook for each pupil. Each 
pupil had a. set of mimeographed questions to answer. A 
few of the questions were sa follows: 

(?) Tell a few things about the external structure of the crayfish, 
(f) Can you dis t in guish two definite divisions in the body? Name 
them. (0) Is than any advantage in having an exo-skeleton? Name 
one advantage. (4) Gan you locate any eyee? Describe them In a 
few words, (i) Make a drawing of the crayfish. You may make it 
like the dm wings on either pegs 100, 131* or 185 of your book. 
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heredity are the bwee for nee modification; (p) Men ia to 

oontrol end improve hie environment; ( 10 ) Men mekee un of Hologiftl 
dieooveriea in understanding his own body end in promoting health; 
and ( 11 ) The progress of man is e biological phenomenon. 

Chganized on this basis, the different plants and anim*lo 
supply assimilative materials and are studied to supply data 
which will help in the solution of the probleih set by the unit. 
For example, to supply an answer to the problem, How do 
living thingB grow? the teacher might well have the pupil 
study an amoeba, a seed, a tree, an egg of a chicken, a hone, 
and a potato tuber. Through the study of the growth of 
these living things, the pupil will discover the nature of 
growth and the factors influencing it. The emphasis in such 
a course is on the life processes and activities rather than on 
a descriptive account of living things ^ Organization around 
different plants and animals emphasises the dissimilarities of 
living things; orga ni s atio n around life processes and activi- 
ties emphasises the similarities of living thing, it ig, 0 f 
course, possible to arrive at an understanding of biological 
principjesiiy either method. There is no evidence to indi- 
cate that one method of organisation is superior to the other. 
The two viewpoints are included in this report because they 
represent a fun d amental difference in the attack upon biology. 
Recent opinion as indicated by the New York State syllabus 
and the report of the oojpmittee in the Thirty-first Yearbook 
of the National Society for the Studyvef Education tends to 
support the latter viewpoint. 

The organization oj courses in physics . — Courses in physics 
present, a marked contrast to the courses in biology and 
genezahfcieace. t The topics in all the courses were classi- 
fied easily under the headings: Mechanics, heat, magnetism 
and electricity, sound, and light. There was some differe nce 
in the order of the topics presented and also in the divisions 
whieh wens included under the main headings, but in 
general one obtains an impression of order and uniformity. 
As far an «ould be observed in the courses of study, thefo 

{ in the field; tfamfon, 

* pweeitted. , To be sure, some few 
IWsrapMgs to local situations and specific 
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references to different books, but the organization shows as 
a whole that teachers of physics have accepted the organiza- 
tion of the writers of textbooks. Physics, of course, is a 
relatively old subject as compared with general science, 
biology, and chemistry. Blake’s Natural Philosophy, pub- 
lished in 1835, shows approximately the same organization 
as the physics textbooks of to-day, with the exception that 
astronomy, then included in the course, has become a 
separate field of instruction. It may be that the final word 
on the organization of a course in physics has been said. 
On the other hanff, the decline in the enrollment in the 
subject at least suggests that a reorganization with a change 
of emphasis might be desirable. 

The organization of courses in chemistry . — The topics 
included in courses in chemistry are of three types: 
(1) Those dealing with descriptions of elements or com- 
pounds; (2) those dealing with principles of chemistry; and 
(3) those dealing with applied chemistry. As a rule, courses 
contain all of these types of topics; for instance, any course 
which has topics on oxygen, chemical equilibrium, and 
fertilizers is a case in point. Apparently chemistry courses 
closely parallel courses in biology as previously described. 

Commonly an element is studied from -the standpoints of 
occurrence, preparation, physical properties, chemical prop- 
erties, important compounds, and usee. As such the topic 
presents a description of the element under consideration. 
In all the courses it has been found necessary to insert topics , 
on the gas lawB, the chemical nature of matter, solutions, 
periodic law, chemical nomenclature, and formulas and equa- 
tions. Sixty-eight per cent of the oourses included topics 
such as fuels, food, clothing, fertilizers, cleaning agents, 
poisons and antidotes, glass, day products, paints, and 
alloyB. 

A few of the newer courses have approached the organiza- 
tion of chemistry horn a different angle than the method just 
described. The generalizations and principles to be taught 
are first determined. These are listed at the beginning of 
the course and are included in the topics hafhe same maimer 
as described in the chemistry course. (See p. 25.) These 
courses still retain the descriptive method of organization 
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with the generalizations included here and there in the 
topical outline. Attention is still focused on the details 
concerning each element; the generalization is simply added 
to the descriptive material which is characteristic of the 
older courses. One instructor who worked on a course of 
this kind and who believed that the main objective of chem- 
istry is the understanding of principles rather than a collec- 
tion of facts concerning chemicals, remarked, “If ye had 
organized the course in terms of principles, the old- type 
chemistry teachers would have been lost; they wouid not 
know, what to do and they would have thrown the whole 
course overboard. By this method, we are trying to get 
them used to the idea, and our next step will be a course 
organized around the principles of chemistry.” The result- 
ing course is, therefore, a hybrid, but it is intended to be a 
step toward a new form of organization. 

The final step in this direction is shown by a course organ- 
ized around the important principles of chemistry. This 
course is in the process of being tried out and undoubtedly 
will undergo some revision. The units are as follows: Unit 
1, The Nature of a Chemical Change; Unit 2, The Chemical 
Composition of Matter; Unit 3, How the Chemist Represents 
Chemical Reactions; Unit 4, The Nature of the Metallic 
Elements; Unit 5, Oxidation and Reduction; Unit 0, The 
Relation of Solution to Chemical Change; Unit 7, Acids, 
Bases, and Salts; Unit 8, The Nature of Nonmetallic Ele- 
ments; Unit 9, The Nature of Carbon Compounds; Unit 10, 
The Periodic Clas sifi cation of Elements. Thin type of organ- 
ization is similar to that proposed by the New York Syllabus 
in the course in biology . The problem of organization dis- 
cussed in connection with biology is thus applicable here, 
and to conserve space it will not be repeated. 

Seven- of the courses in chemistry acknowledged their 
indebtedness to the American Chemical Society for their 
topics and objectives. The influence of thi« organization 
was apparent in many of the courses examined. In two 
coifTBeSj. mention was made that the organization met the 
demands of the College Entrance Examination Board. 
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Investigation of the selection of subject matter . — The criteria 
used in the selection of the subject matter of the courses are 
stated in but two of the courses examined. Indirectly the 
statement of objectives is a statement of criteria since the 
objectives should oontrol the selection of material. Only one 
course refers to the studies which have h^en made in the 
field of science curriculum. In general such studies may be 
grouped under the following types: (1) Analysis of human 
activities; (2) analysis of children’s interests (a) through 
questionnaires, (b) through pupils’ questions to magazines, 
and (c) through e xposure to nature materials; (3) findings 
of committees, based largely on the consensus; (4) surveys 
of current literature, including (a) topical analysis of text* 
books; (ft) topical analysis of courses of study; (c) analysis 
of textbooks to discover principles treated; (d) analysis of 
textbooks to discover the typesof activities treated; («) 
analysis of topics and principles treated in newspapers, maga- 
zines, popular science publications, Government bulletins, 
etc.; (5) analysis of mistaken notions and superstitions; (6) 
analysis of adult interests; (7) judgment of laymen on value 
of certain principles and topics of science; and <8) synthesis 
of the remits from the sources listed above. The great 
majority of these studies have been summarised by Curtis. 1 
The two volumes of Curtis are indispensable to those who 
are working on courses of study. 

l^TA.iTtfnfttinn of the studies whkh have been made dis- 
closes that the Bole emphasis has been upon the determina- 
tion of the principles or subject matter whioh should be in- 
cluded in our science courses. Apparently no studies have 
been made of the difficulty of these materials. Placement 
of the topics or principles in the various courses it deter- 
mined by the hyicil domands of the subject rather than by 
the psychological "fehaiactaristics of the learner, While the 
studies which have been carried on are neces sar y, parallel 
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studies should be made of the difficulty of these materials to 
pupils at different levels of maturity. Another interesting 
disclosure of such an examination is that these investigations 
treat science solely as a matter of content; research on science 
as a method of thinking is totally absent. Here again the 
problem of how pupils progress in the development of the 
ability to use science as a method of thinking should be in- 
vestigated and should be a major factor in determining the 
content and organization of the materials of instruction. 

The trend in subject matter . — It is difficult, if not impossible, 
to evaluate a course of study in terms of its success in pro- 
viding materials to attain the objectives set forth. In gen- 
eral it is assumed in courses of study that the teacher has a 
background of experiences which will supplement the course 
outlined. The success of the course in meeting the objectives 
is thus largely dependent upon the teacher. The trend of 
courses is to provide more adequately for the interpretation 
of the forces, materials, and phenomena than has been done 
in the past. This is evidenoed in physics by the mchudnin of 
more material on devioes and by additional problems focused 
on everyday science. In chemistry courses new matariala 
have been provided largely through the addition of topics on 
applied chemistry such as fertilizers, cement, etc., and the 
inclusion of Special topics upon which pupils may report to 
the class. Biology has provided for practical materials in 
somewhat the same manner as chemistry. The general 
sdenoe courses do focused upon interpretation of the en- 
vironment and the topics and problems make a direct attack 
upon the problems of everyday life. 

Only a few of the oourees include materials or suggestions 
dealing with scientific attitude and methods of sdentifio 
thinkin g, lluoe courses deal more or lees perfunctorily with 
scientific attitude and thinking in an introductory topic. 

One ooursc has a topic on “superstitions.” In general, how- \ 
ever, one must assume that curriculum makers believe that j 
scientific attitude sad methods of thinking can not be St* 
tacked in a direct maimer or' that they result automatically 
from the study of science or that they should be attacked 
incidentally S« occasion arises. A more detailed discussion 
of this problem will occur in a later section of this report. 


l 


NATIONAL SURVEY OF SECONDARY EDUCATION 


Duplication and overlapping of courses . — Duplication or 
overlapping of courses is most common in the case of general 
science and physics. The following topics in general science 
cover to a considerable degree the qualitative side of the 
principles presented in physics: Air, lighting, buildings, com- 
munication, transportation, electricity, weather, water sup- 
ply, machines, and heating buildings. For example, the 
pupil is introduced to air pressure, evaporation, buoyancy, 
and many other principles of physics. In the general science 
course, the principles are drawn in as they are needed to 
e^lain the environment. In physics, of course, the prin- 
ciples are organized around the logical divisions of the sub- 
ject. The physics course of to-day is essentially the same 
course as far as content is concerned as the physics course of 
1910. Practical applications are stressed more to-day than 
in 1910, but the course has not changed so far as the prin- 
ciples are concerned. This indicates that the teachere of 
physics have not considered their course in light of the con- 
tribution which they might expect from a course in general 
science. Conversations with teachere of physics confirm 
Jhis statement. Their attitude *is often, “They do not 
remember any of their general science.” If this is true, it is 
a serious indictment of general science. What we need, of 
course, are experiments which will either validate the ftlnima 
of the telphers of physics or disprove them. Through such 
experimentation we should be able to determine whafaet to 
teach in physics of the materials given in general science; 

Some duplication also oocure between courses in general 
science and biology. The topics in general science which 
overlap the courses in biology are foods, health, human 
physiology, plants, and m^imals. Where the biology is 
taught in the junior high s|qool as a part of a 2-year or 8-year 
course in science this duplication is not often found. In 
4-year high schools, where general science is offered in the 
ninth grade and biology in the tenth grade, this overlapping 
is alwayB present. The fact that courses can be organised 
without duplication indicates that teachere of biology either 
do not believe that the course in general science is efficiently 
taught or that they have organised their oouree without 
regard to what has gone before. 
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The evidence presented concerning the overlapping of 
courses is further proof of the tendency of the teachers of a 
special field to regard their subjects as distinct parts of the 
curriculum wholly unrelated to the rest of the curriculum. 

8 P m ®. ext f nt th ? teachers of the special sciences are justi- 
fied m this viewpoint; pupils do not take all of the courses in 
sequence hence the degree of preparation for a given course 
varies widely. A distinct lack of sequence appears in science 
courses, both from the standpoint of content and from the 
standpoint of difficulty. Apparently, we need a new organ- 
ization of courses beginning at the bottom and working’ 
upward. 




CHAPTER VH : SUGGESTIONS ON INSTRUCTIONAL 

TECHNIQUE, 

Type* ^suggestions . — Some courses of study which were 
analyzed included suggestions for the teachers on various 
phases of instructional technique. The items in Table 6 
are significant in that they show the sheets of teaching 
which the curriculum committees believe to be important 
and in ^hich guidance is necessary. The low frequency of 
these suggestions indicates that curriculum makers as a 
whole do not believe it necessary to include suggestions on 
methods of teaching. In one course, for instance, the state- 
ment is made that "no methods of instruction are indicated 
because the personality of the , teacher determines results 
vastly more than any other factor/' Committees, in gen- 
eral, believe that the method of teaching should not be 
prescribed, that the individual teacher should be permitted 
the utmost freedom. 


Tablb 6 . — Types of suggestions offered to teachers 



Relationship of methods of touching to the attainment of 
objections.— A Consideration of the objectives of science teach- 
ing suggests that many of the moat important results are the 
product of the method of teaching employed rather than 
of the subject matter covered. For example, training in 
scientific method is not secured by learning the facte of 
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science; the training in the outcome of the technique employed 
in attaining an understanding of scientific principles and 
their application in new situations. One learns to think 
scientifically by employing the safeguards which make think- • j 
ing critical and by abundant practice in thinking of tlfir / 
character . 1 


If the viewpoint presented in the preceding paragraph is 
correct, it is evident that the learning products attained 
from any given course of study will depend largely upon the 
method of instruction employed. Curriculum makers have 
assumed that teachers can and do employ those methods 
which will attain the objectives of science teaching. Observa- 
tion of several hundred teachers during the past five years 
supplemented by conversations with principals, superin- 
tendent*, and others has led the writer to doubt the validity 
of this assumption. While it is probably true that the great 
majority of our skilled teachers should be permitted to teach 
according to the methods which they have tried and found 
successful, what about the great army of inexperienced 
teachers in our school systems? Curriculum makers, per- 
haps wisely, are unwilling to prescribe methods to any great 
degree, because many teachers believe that they are as well 
qualified to formulate methods as are the members of the 
committee. • This consideration does not apply, however, to 
the young and inexperienced teachers. They have few 
preconceived ideas and set habits and are eager for sugges- 
tions. Committees preparing course outlines should prob- 
ably recede from the extreme position which they have taken 
and make more provision for the guidance of those teachers 
who have not reached perfection or complacency. Until 
a more uniform method of instruction is adopted it is doubt- 
ful that we will be able to organize science courses which are 
sequential in the development of the ability to do scientific 
t hinkin g and in the development of the other abilities which 
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result from the method employed rather than from the 
content. Data bearing on the above statement will be found 
later in this chapter and also in the chapter immediately 
following. 

The extent to which course* <rf study determine what is 
taught . — It is difficult, if not impossible, to make a general 
statement concerning the extent to which the course of study 
actually determines what is taught. In four of the school 
systems visited detailed courses of study with many sugges- 
tions for teaching had been constructed. These were fol- 
lowed very closely by the teachers of the junior high school 
This was evidenced by the fact that these teachers invari- 
ably banded the visitor a copy of the course, indicating the 
, lesson under consideration, hi these same school systems, 
the teachers Cf the senior high school never referred to the 
course of study when conferring with the visitor and, when 
asked for a copy of the oourse, more than three-fourths did 
not have a copy in the classroom. In certain dries, teachers 
frankly admitted that they paid no a tt en t ion to the courses 
of study. Others said that they taught the topics indicated, 
but otherwise made no use of the material. If generalisa- 


tions are possible from these observations, they are — (1) that 
'junior high school teachers follow the courses of study more 
closely than senior high school teachers, and (2) that the 
more detailed the course (in terms of outline and teacher's 
suggestions) the greater the use made oTlbsoourse. 

Adapting instruction to wdmdual d^ersncee.^Rsucii course 
was checked to disoover if provision had been made for indi- 
vidual differences and to determine the kimfr of recommenda- 
tions with reference to individual differences which were 
made. The course was checked under 14 General mention," 
if there was a general paragraph or mom concerning adapta- 
tion to iadividqal differences included in the oourse. In 
some oourses specific provisions for indrrkhul d iffer e n ces 
were stated for each unit. In some* c ours e s a Bkt of optional 
topics or projects was lim it the end < The 

frequency noted in Table 7 Indicates ' that 1 tft» problem of 


adapting instruction to individual 


received 


little attention in the 


tf tta4r. 




I 


. * ’wiT' 



CHAPTER VHI: TYPES OP PROBLEMS IN 
CLAS8ROOM TEACHING 

Sources of problems . — The data presented in the preceding 
chapter listed the general types of suggestions offered for the 
guidance of teachers. To discover the problems which arise 
from these suggestions, a detailed analysis of all suggestions 
included in courses of study was made. The results show a 
considerable difference of opinion as to the best methods of 
instructional technique, and thus indicate unsolved problems 
in the teaching of science. The opinions gathered from die 
courses of study were then supplemented by the data obtained 
from classroom visits. The final list of major problems is 
thus a composite of the data obtained from these two sources. 
In the paragraphs which follow the - writer will attempt to 
enumerate these problems -and to indicate the types of research 
which have been made and the types of research which still 
remain to be carried on. Owing to limitations of space it is 
impossible to summarize the research which has been done. 
The reader is referred to the two volumes by Curtis for 
excellent summaries of this material. 

The size of a learning unit . — It is claimed by some that each 
day's lesson should be complete in itself. Bach day's work 
should start with a certain problem, be followed by a regu- 
larly prescribed procedure, and end with a solution to the 
problem and possibly the application of the results in some 
*new situation; this is believed to be particularly advantageous 
at the junior high school level, where classes meet but two or 
three times per week. Others assert that this method will 
break the continuity of the ooune and result in a series of 
isolated lessons. Furthermore, thqy claim this will break the 
learning unite into divisions that are |oo small. They there- 
fore believe in comprehensive problems which may require 
several days for a solution. Which Is the better method T 
Or is a combination of the two methods more Hum 

either? 
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The use of several textbooks— Ji teachers in some schools 
are asked, “What textbooks are you using?" some of them 
reply with evident pride, “We don’t use one textbook, we 
use several textbooks." In these schools it is generally the 
custom to provide several sets of textbooks which are kept 
in the classroom. The student, as a rule, therefore, does not 
have a book of his own that he may take to the study period 
or home* How does this method compare with the math**! 
in which a pupil has his own book? Another problem relates 
to the use of several books. Assignments are often made on 
a given problem or topic to several books in which the con- 
tent is entirely repetitious. Pupils wander around r the room 
looking far books and waste a great deal of time. Since the 
content is repetitious could the time have been spent more 
advantageously in studying one book? The organisation of 
the different books usually Varies to a considerable degree. 
To m a ke a ssignm ents to a specific topic in any given bpok 
often takes the oontent out of its setting in the book and in 
many eases makes the material mudaading or unintelligible. 
For example, if one book covers air pressure in an early part 
of the book and the pupils are assigned to a later part of the 
book dealing with water supply, it is assumed that ' air pres- 
sure has been covered and the material is dealt with accord- 
ingly. The class may not, howevyr, have covered air pressure 
in their regular classroom work, so that the new material is 
unintelligible. The same problem oocurs with many cour s e s 
of study. They are put together without regard to any exist- 
ing ma t eria l on the content represented. The result is that 
the pupil must read one paragraph on paga 311 of one book, 
one paragraph on page 23 of another book, and so on for the 
other references, hi the classes visited a large portion of 
the time supposedly used by pupils for supervised study was 
spent at looking for books or looking up isolated paaeagee in 
books.' ' Hie problem is probably not eo muoh that of decid- 
ing whether one book or many shall be used as it is that of 
providing a technique which will result in the most efficient 

use of the pupils’ time. 

The oommtoee mettod— In ths junior high school a great 
deal of tfcsiroekfedenebywhai one may call the committee 
method* -Thfa: method Is earned on in several ways. By 
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one technique the large topic under consideration is broken 
up into smaller topics* fend each of these mnalW topics is 
assigned to be reported upon by a committee. By this 
method a pupil prepares only for that part of the topie for 
which he is responsible.- Each committee reports and the 
rest of the pupils listen. In the desses visited, the reports 
were often dull and received the attention of but a small 
minority of the pupils. In some tlinonn, the tnehtr l»H 
discovered this and required pupils to take notes and p— a 
test on the information given. This procedure mbihw 
the report is for the purpose of giving information to the 
student and, since a luge amount of the ring tinw h spent 
in reporting, this realty becomes the major objective of the 
course. Contrasted with this method is that in which each 
individual is responsible for the development of the entire 
topic. Several issues, of course, axe involved here. Conn 
mittee work is assumed to have a, value in the socialization 
of the individual On the other hand, it may lend toward 
producing a lack of feeling of responsibility on the part of 
the individual In one class several problems were raised 
which the teacher thought it advisable not U> answer. She 
appointed on the spot a oommittee to report the next day 
and told them she would be glad to help them find material 
She then went on with the regular risen dhcenlcn In 
another olaae of this same teacher, the tint question asked 
by a pupil was, “What did they find out about that sub* 
marine?” “They” referred to a oocnmittee which had been 
appointed tire previous day. This use of a eonmnttee ap- 
peared to be very effective. The problem raised would 
seem to be, What k the best method or methods of utifirine 
the c ommit t ee method of investigating and upon 

problems? • v, r. . . * V ...• v : t- 

2ft* aM- In ona daaa visited the topic was 

“ M a mm a ls * The teacher anndunced, “ We ahall bavs 10 * 
minutes for study.* At the end «f l&nrfnntm timiAnt 
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teacher asked, “Does anyone have any corrections or addi- 
tions to make?” 'Several pupalsniaed their hands and vd- 
unteered isolated bats cl information which bad been omitted. 
Tina procedure continued to the end of the period. In 
another dais in the same school system, the tune topic was 
under discussion. The teacher raised the question, “Why 
are mam ma l e important to usT ,f As different 
named she wrote them on the board and then asked, “How 
can we classify those used?'* Pupils suggested ways, such 
as transportation, food, etc. Both clinseo had the aune 
souroe of data and actually gave back to the teacher approxi- 
mately the same facia. One a ttack was topical in character 
and the other waa problem-solving. Perhaps most of us 
will agree that the second method was better than the first, 
but no data are available which can be shown to the first 
teacher to ^rove it 

The use of acropbookt, posters, and rtlated materials . — In 
junior high school clas s es one often finds a vast collection of 
posters, scrapbooks, and exhibits which have been by 
pupils^, Arranged properly in a room they am impressive to 
the viator and if mixed judiciously with Hying materials and 
apparatus make an effective atmosphere for the science dass- 
room. Two questions, however, arise in this connection, 
namely, (l) h the use of daaaroom tune for mak- 

ing materials of this sort? and (3) What values are derived 
from this type of worik? In meny schools these project* are 
earned en nduniarily outride the dasaroniu. 8evml dames 
werovisited, however, in which scrapbook " < ** r ** m g was, at 
least during that day, the sole activity. ) The work consisted 
in cutting out colored pictures of foods, madiimsj, news- 
paper dippings, eta, and mounting them in a bode. In 
some eases captions **** written under them and h others 
qoh hreocae of the mte boo ta the material waa dsaeified 
under differ** headinga end in others not. In some cases 
the mafurhileoBaetsd rAted to the topic under dmaama 
end in otham notubnnhi represented a 
m >nMn - oolhcted in A more or 

tha fi uus ia, the entii* 
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see them) and telling the class, “This is a picture of 

If one considers this procedure in relation to the objectives 
of the course, it is hard to conceive of any value beyond 
“securing an interest in science/' and it is questionable if 
this is an outcome. Scrapbooks undoubtedly have a legiti- 
mate place iq junior high school science, but we heed to 
determine what the function is. 

The use of guide sheets . — In many schools guide sheets are 
given to pupils to direct their study. In some cases the 
pupils are required to answer the exercises in writing an d in 
others they are merely guides for study. These guide sheets 
vary in content. Some consist of a long list of questions 
such as the teacher would ask under the ordinary assignmentr 
remtation. technique, the only difference being that they are 
now in written form. V They are focused on the d^taila of 
the subject matter arf^gBh usually be answered by finding *■ 
sentence which contains the Amg words as the exercise. In 
one of the classes. visited, the investigator aulrad to see one 
of the best notebooks, an average notebook, and a poor 
notebook. On, examination, the answers to the exercises 
were found to be identical. , Oh checking back with the text- 
book it was found that questions had been asked which were 
answered directly in the book. The only difference in the 
notebooks was in neatness. All degrees between the exam- 
ple thus cited and the guide sheet which consists of a few 
comprehensive problems can be found. A recent study by 
Hurd 1 indicates that, properly used, guide sheets may prove 
of value. Many teachers object to guide sheets because 
they say that they rob the pupils of initiative and 
dependent. This, therefore, is a problem requiring further 
investigation. 7^ 

Another problem is concerned with the type of exercises 
which should be included on the guide sheet Still other 
problems arise in the administration of the guide sheet. 

. Some teachers aim to help the pupil by answering the quro- 

tiana; others question the pupil and direct him to other 
bouton of datk> Some Itiidpn require that the enrobes 
be completed in class; others allow pupils to complete them 
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at home. Some teachers have the students read their 
answers to the dess, focusing attention on the exercises as 
ends. Othejs use the exercises merely as le arnin g activi- 
ties necessary to arrive at certain definite understandings. 
There are probably as many kin^s of guide sheets and 
methods of using them as there are Teachers. Some sys- 
tematic study Of their values and limitations is desirable. ^ 
The use of the pupil work book . — Another type of guide 
sheet which is being rapidly introduced ip to schools is in the 
form of “pupil work books.” These vary like the guide 
sheets as to the types of exercises which they include. As a 
rule they contain blank spaces to be filled by words, phrases, 
sentences, or paragraphs. In one class visited, the pupils 
were told to read their texts and fill out the blanks on a 
cer tain page. The teacher then>sat at her desk and filled 
out the blank*- . Ten minutes before the end of the period, 
the pupils were called to attention. The tevsher read the 
first question and- called for a volunteer. If the correct 
answer was not forthcoming, she called on other pupils 
until she got it. The pupils were instructed to check the 
answers’^hich were not correct and to write out the correct 
% answer on a separate sheet of paper. Tips is probably not 
the procedure which would be recommended by the writers 
of work books, but it is what actually took place in one 
classroom. Many teachers object use of a work 
book, because they claim that it aoes not provide for a 
nnififtd view of the whole topic or unit under discussion. 
Others are enthusiastic about work books. Further experi- 
mental evidence as to their value^afid as to the value of 
different methods of thgm should be obtained. 

The unit method of inrfra&m.— There are many advocates 
of the so-called “unit method” of instruction. Ad has 
been pointed out before, the term “unit” has nearly aa 
many mcaningl up ttlftr are courses. A few studies have 
been i& which attempt wee made - to prove or disprove 

the vafoaef this method. The issue, however, is confused 
beesaist the studies have not separated distinctly the idea 
7 of organisation from instructional technique* Organising a 
~ course in terms of unite fee** tiring; te a ching by ihe 5-»tep 
technique is something different. & some cases topics 
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taught by the “unit technique'* have been oomp&red with 
topics taught by the assignment-recitation technique. 
The writer knows of no clear-cut experiment which reliably 
determines the value of the unit organization as compared 
with a topical organization or the value of the unit technique 
as compared with the assignment-recitation technique. 
The major difficulty is one of devising adequate instruments 
to measure the outcomes. 

Initiation of new work . — The suggestions given in courses of 
study often refer to the initiation of new work. For example, 
some believe that a new' topic or unit should take its point of 
departure directly in some problem which arises in oonneo* 
tion with the environment. Others believe the work should 
be initiated by a demonstration. Still others believe that 
t he work should start in individual laboratory work. In 
practice it was observed that in many cases the work began 
by an assignment in the textbook. Some courses suggest 
that all work should be initiated in a prescribed manner . Is 
there any best method of initiating new work on a given topic 
or does it vary with the type of topic? Some of the ooureee 
state that the laboratory should furnish the core of the come, 
textbooks and other materials being selected to supplement 
the experimental work. In other courses, the laboratory 
supplements or parallels the work in the textbook. An 
analysis of the types of experiments recommended de fe nd 
the following purposes of experimental work: (1) To deter* 
mma effects resulting hum certain conditions; (2) to dnoovsr 
relationships; (8) to determine unknowns; (4) to demonstrate 
laws; (5) to determine oonstanta; (ft) to compare; (7) to 
secure practice in instruments and operating schntifio 
devices; (8) to evaluate methods, devices, etc.; and (t) to 
verify certain facta. It h evident from this anafysfei that 
certain types of experiments are adapted to hritiatiofeof 
work and others for verifying, paralleling, or supplementing 
' the regular classroom work It seems posable that ope 
might devise an experiment using different method! of 
attack upon principles to - d isco v er if then to a beet met hod 
which is general in its application Or if the method depends 
upon the prinotyile befog pr ese n te d . 1 • v v ‘ v r 
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the individual pupil experimentation method in achieving 
the objectives of science. 

Methods of demonstration . — A great deal of pupil or teacher 
demonstration was observed in the junior high school classes. 
Many different methods were noted. In one class the teacher 
demonstrated the “convection box.” As he proceeded with 
his demonstration, he raised questions which the 
answered in unison. After each answer he restated the 
result observed. When this was completed he wrote the 
following outline on the board: 

Problem— What were we trying to find out? 

Material— What did we uae? 

Method— Window* all open. Trial I, etc., Sketch -box to show 
current* tor each trial. 

Observation — When did the candle stay lighted the longest? 
When were distinct air currents produced? 

Conclusion — What is the best method of ventilating a bedroom? 
What Is best method of ventilating another room while 
absent from the room? (Both of these questions had been 
answered by the teacher during the experiment.) 

Application — How can you insure a supply of healthful air in 
your sleeping room? • 

In another class the same general procedure was employed 
with the exception that the outline given above was placed 
on the board before the demonstration was made. The 
pupils thus were aware of what questions they yrere to 
answer. The questions were not answered orally and henoe 
every pupil in the class was obliged to solve the problems 
for himself. Other methods of demonstration are 
in the suggestions quoted from the courses of study. There 
is abundant opportunity here to devise different methods of 
demonstration and evaluate their efficiency. 

Methods of recording laboratory exercises . — Various methods 
are in use 'for recording the results of laboratory work. 
Among there are: (1) Formal presentation undir ^reacribed 
headings, such m purpose, method, results, and conclusion; 
(2) answering a series of questions about the experiment; 
(8) writing up the results of thft experiment in oonpretion 
mlh some problem which hu Jmo nlwd; (*J CUinff blub 
in t prated Uboretoly menu*!; <8) eouUoittg two or more 
of the method! indicted ebon. Some eipmimmtel rtudy 
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of these methods has been undertaken.* A problem of major 
importance is that of the rftle of the laboratory Wk. In 
many schools the laboratory work tends to become an end 
in itself. This tendency is intensified if the laboratory work 
is recorded in a formal way. In some schools, the laboratory 
is considered to be a source of data for the solution of prob- 
lems. Problems are raised during the classroom discussion 
and the pupils are Bent to the laboratory to solve them; one 
difficulty with this method is that the laboratory work will 
not necessarily fall upon the scheduled double periods. Some 
schools, however, have worked out a system which overcomes 
this difficulty. An experiment oould be devised which would 
compare* the different methods of recording experiments; 
the relative value of experiments as ends ormeans oould also 
be determined. 

The suggestions included in oouraee of study are distinctly 
opposed to detailed drawings of the picture type. Observa- 
tion of classroom work in biology indicates, however, that a 
large amount of the laboratory period is spent in preparing 
such drawings. The picture hr the textbook is usually the 
model for suoh drawings. • In one class a pupil asked the 
teacher for carbon paper and then traced the drawing in 
hie notebook. The teacher explained that she allowed this 
practice b e ca u s e it saved time. In another ’class pupils were 
drawing leaves. The leaf was placed on paper and its outline 
traced. The entire leaf outline was then filled in with ink. 
A period of 40 minutes was required by one pupil to draw 
a maple leaf and an elm leaf. In some classes outline 
drawings of 4 m given to the pupils and the pupils 

are required to name the parts indicated on the drawing, 
A con s ider able amount of experimental work has already 
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been done in this field . 4 Further experimentation, however, 
would be highly profitable. 

The km of detailed or general laboratory directions . — A con- 
siderable difference of opinion exists in regard to the type of 
laboratory directions to be given to the pupil. The com- 
mon method is to supply the student with detailed directions 
as to procedure. This sometimes results in a mechanical 
method of doing laboratory work. For example, the direc- 
tions say “Obtain a test tube/’ the pupil gets one; “Pour in 
an inch of water,” the pupil does so; and so on for the rest 
of the experiment. The purpose of the experiment is for- 
gotten or never realized since the attention of the pupil is 
on the details of performance. In contrast with this pro- 
cedure, one class was observed in which the pupils were 
almost entirely on their own resources. For example, the 
problem is raised and the pupils devise their own experi- 
ments. The olase observed was a chemistry class. Pupils 
were given direction sheets on “Methods of Recording 
Data," “Collection of Produces,” “Selection of a Generator,” 
“Methods of Identification,” “The Separation of Mix- 
tures,” eto. In preparing oxygen, for example, the pupil 
selected his own method, the type of generator needed, the 
method used to identify the product, and the method of 
recording his data. Magazines on industrial chemistry 
were available in the classroom and pupils consulted th<m to 
find suitable methods of presenting their materials. Before 
doing the experiment, the student presented his method to 
the teacher for his approval. The dam was* visited during 
s laboratory period. The investigator asked questions of 
the students. All kaesrexactfy what they were doing, how 
they were going to do it, and what they were trying to dis- 
cover. The method is mentioned as one which offers s 
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promising variation of the ordinary “recipe” method of 
carrying on experiments. 

The use of vmal (tide . — Some sohool systems are well 
equipped with motion-picture machines and other devices for 
visual instruction, five methods of using motion pictures 
were employed in the cl esses observed — (1) the picture was 
shown without comment; (2) pupils were provided with 
questions which they were to answer; (3) the mochinn was 
stopped at certain points and the instructor asked questions 
or gave added information ; (4) pupils were permitted to ask 
questions during tire showing of the picture, the 
being stopped whenever a question was raised; (5) pupils 
were given questions to answer after Jhp picture had been 
shown. Experiments 4 haws shown the value of visual in* 
struotkmior certain kinds of topics. Experimentation, how* 
ever, is needed to disoover the most effective method of wring 
motion pictures. ■ _ 

Twining in sriMt^s thinJcing . — Science courses commonly 
include, as one of the major objectives, “the ability to do 
scientific thinking.” Twenty-six teachers visited were asked 
the question, How do you train pupils to do scientific think , 
ing? The answers were of five types: (1) The study of 
scienoe results automatically in this ability because of the 
nature of the sabjeot nutter of scienoe: (2) it is not possible 
to train a pupil to think; (3) we had a lesson on that last week, 
or we will have a les s o n on that next week; (4) we take that 
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up'in the introduction to the ooune; (5) the pupils learn the 
method by watching the procedure of the teacher. None of 
the answers was sufficiently definite to give the investigator 
a clear idea of what was being done in this direction. This 
does not neoessarily mean that no training in scientific 
thinking is being carried on but it does mean that such train- 
ing is not given in a systematic fashion. The responses given 
by the teachers raise several questions: (1) Is it possible to 
train pupils to think scientifically? (2) Should this training 
be incidental or should it be placed in the direct focus of 
‘attention? (3) Does the study of the subject matter in 
science automatically result in training in scientific method? 
(4) Should training in scientific method be oovered as a ufnit 
- in the ooune or should it be an essential part of procedure in 
every class hour taught? (6) Does training in scientific 
method result from the subject matter included in the course 
or from the method' of teaching employed? (6) What 
techniques result in training in the ability to do scientific 
thinking? Similar questions may also be raised concerning 
the objective, “the inculcation of the scientific attitude of 
mind.”* 

Testing the results of instruction . — An «rami nutian of the 
tests included 1 in courses of study and collected during 
visiting reveals that for the most part they are tests of the 
ability of pupils to remember facts. Hus is particularly true 
of the tests in general science, biology, and chemistry. Tests 
in physics, ss a rule, contain numerical problems, and prob- 
lems which test the pupil's ability to apply principles in 

• Bmselsmpt W. L. 
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addition to f Actual information. Teachers, in general, dis- 
trust the results obtained by experimentation as to the values 
of different methods of .teaching on the ground that the testa 
are one-sided, that is, they test only one of the products of 
science teaching, namely, information. "This criticism is well- 
founded in relation to certain of the experiments which hare 
been made. To meet this criticism it will be necessary to 
formulate tests which really determine the extent to which 
all the objectives are being attained; we must test facts, atti- 
tudes, major ideas, and ability to do reflective thinking . 
Research along the line of teat-building is clearly required. 

TVP*» of admtiu . — Some courses of study list the 

types of pupil activities which should be carried on in the 
study of science. The activities suggested in one course 
were analyzed. The results are shown in Table 8. Inspec- 
tion of this hat indicates the indefiniteness of many of the 
activities focused on th6 recall or fition of f&cto. 

l£ach of th ese activities should be scrutinized in terms of 
their contribution to the objectives of science or 

one might begin with the objectives and ask the question, 
What activities will result in the attainment of the different 
objectives? 

Tabu 8. — frequency of typos of acMmtUt supgetUd 
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Tabu 8 . — Frequency of types of activities suggested — Continued 


Activity 


Fre- 
quency I 


Activity 


Fre- 


Listing— C( 

Vwoce. 

Advantages and disadvantages. 
Ora I activities: 

Telling how 

Telling why 

; what 


Discussing. 

Hew 

Effect ol 

Summarising 

Making surveys 

Comparing 

Applying principles . 
Explaining 


Explaining— Continued. 


Purpose oL. 


11 


How. 


Differentiating 

Investigating 

new applications . 



9 II Citing evidence. 

1 Finding relationships.. 
8 Estimating. 


19 
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Predicting... 

Analysing... 
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CHAPTER IX : CONCLUSIONS 

4. 

1 . The data presented indicate that, in general, the courses 
of study are not based upon an adequate and clear-cut theory 
of education. This is suggested by a lack of uniformity in 
organisation and content in individual courses, which indi- 
cates that principles of organization and criteria for the selec- 
tion of the materials of instruction have not been formulated. 

^ 2. The data presented raise the question of whether or not 
it is advisable to proceed in the revision of existing courses 
of study until more evidence is obtained to serve as a bash 
for soph revision. The data available from scientific studies 
at the present time are directed solely upon the content of 
the courses. little, if any, experimentation has been carried 
on to indicate grade placement of these materials, and no 
investigations have been made to discover the steps in the 
acquisition of the methods of thinking employed by the 
scientist. These two phases of the curriculum are, in the 
judgment of the writer, fundamental to the preparation of a 
science curriculum. 

3. Observation of classroom teaching and the different 
suggestions given in the courses of study indicate great con- 
fusion as to the methods to tie employed in tAnnhing 

Since the great majority of school systems leave the choice 
of method to the teacher, it is evident that, beyond the pre- 
scription of the topics to be taught, the course of study has 
little effect upon the day-by-day '.teaching. Only a certain 
limited quantity of a teacher's time is available for additional 
work. The question is therefore raised, Will the teacher's 
available time be more effectively utilized if the time is spent 
in investigating methods of instructional technique or in 
working on courses of study? That is, which use of the 
teacher's time will result in the greater improvement of 
teaching?/ ... 

4. The analysis of courses of study and classroom observa- 
tion indicate certain practices which may be considered as 
innovating and hence should be carefully examined and 
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evaluated by thoed who are engaged in euncuhim building 
ud who are desirous of imploring instruction in science. 
These practices are as follows: 


(a) A shift has occ u rred from the organisation of ooiiiam in twins of 
topics and subtopics to organisation around certain major ideas 
or ooneepte. These Ideas may be g en wafi aa tjo n s or principles 
of seisote or important ideas underlying the understanding and 
control of certain phaarn of men’s environment. 

(k) A shift has taken piece from the topical method of developing e 
topic to the problem method of dervriopsiMct. Each problem 
is foetaeed on acme important idea or pan dhAa of soienee. 

(c) A greeter omphastt on the interprsiotlou of the environment h 

observed in the mono meant opiums This is in the 

courses in physios and chemistry by a mom marked emphasis 
«m the qualitative aspects of the seisnes with an aoaompanyinf 
decrease in emphasis on the quantitatire aspects. 

(d) A widespread nee of Ohistxative materials supplied by n ew pa pess, 
and G ov e rn ment bulletins me also observed in aQ 


(s) The am of the classroom period for onl 

replaced to a considerable extant by tfrs nm of the period for 
study purposes under the saperviskm of the teacher. •.• 

(f) The introduction of maierlala to serve as study guides is apparently 
widespread. Them take the form of mfmeogmphed guide 
sheets, containing directions for study and e xe r cises to solve, 
end commercially printed wort books. ▲ study of the ge l ds 
. . sheets indkatm that the first fawiihtb o osniBy eonsMs of a 
Urge number of questions fo cu sed on the various facts pe* 
se a ted in the tart A marked similarity eadsla between them 
Sparianr sad the questions asked by the tnanhnr la the oral 
recitation. Bevhfom of 'Ala first cat of gpsUe sheets 
results la a great redaction in 
exerdsns of the revision ar 
of theta rather than ^ien tfre eeeaaahtiam f a 


Wert books vary fat their 
evolved pest fhs ftret stage of 



a greater 
fc-masha* 




INSTRUCTION IN •CISHO 


(*) IWeiMr or pupfl demonstration hat replaoed individual expert- 
men t a t ion to a marked degree In the Junior high e ohoo L A 
great increase in the use of the demonstration le also observable 
In the wokaa» wan m 

(*) The laboratory work in the eeleneee has, in the poet, 

often been divorced from the work in the textbook. The organ- 
ization of eouieee in tenn e of problems requiring a synthesis of 
the laboratory remits and data from the textbook, has unified 
these two aapeete of inetraetion. The aolutioo of problems has 
been elevated to the foeus of attention. The data obtained 
from the laboratory and the textbook are thus wed as so u rces 
of data. This has resulted In some schools In a decreased em- 
phasis upon the formal reeord of laboratory experiments. This 
shift in emph ss is has been accelerated by the use of the 
demonstration method. 

0) Mora attention is being given to visual aids ever before. 
Experiments have shown the value of films and riidss for im- 
parting information. In some schools a large portion of the 
instruction is carried on through visual aids. It appears that 
there is some d a n g er that too great an emphasis upon Tiswsl 
material may newest two of the fundamental objectives of 
sdenoe teaching, namely, the Inculcation of the scientific attitude 
and increased efficiency in critical thinking . 

This list of innovating practices does not necessarily 
indicate the changes which should be brought about in tbe 
teaching of science. The trends do, however, disclose the 
variations from the dominant practice which may well 
result in program and which, as already *tfttod, should be 
given careful consideration by those who are undertaking 
the improvement of instruction in science at the secondary 
school level 


